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TITLE OF THE INVENTION 
DIFFERENTIAL INJECTOR 
CROSS-REFERENCE TO RELATED APPLICATION 
The present application is a divisional application of U.S.. 
Serial No. 09/547,447, filed April 12, 2000, the entire 
disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates generally to a fluid mixing 
and/or. an aerating apparatus. The invention also relates to a 
venturi-type or suction-type fluid mixing and/or aerating device, 
and also to a device for causing a first fluid to dissolve a 
second fluid therein to its saturation state or substantially to 
its saturation state. 

Description of the Related Art 

A variety of fluid mixing devices have been devised wherein 
a venturi is adapted with different types of mechanical 
injectors. Fluid flow through pipes and other flow devices have 
associated losses inherent to the device, depending on the type 
of material the flow channel or device is composed of, and the 
manufacturing method used to produce the fluid flow device. Also, 
depending on the physical features of the channels (i.e. surface 
texture, roughness, etc.) or the surfaces on which a fluid 
traverses, pressure head losses in the flow results. 



mechanical injectors, blowers, compressors, pumps, etc. during 
the injection of liquid, air or other elements within the primary 
flow of fluids through the flow device serve to minimize fluid 
flow and increase the pressure differential. 
5 Generally, the principal goal for maintaining fluid flow 

within a network of interconnected flow channels or elements, 
according to first principles in mechanics of fluids, is to 
minimize total pressure head losses associated with the 
respective mechanical elements . Most of the conventional fluid 

10 flow devices have failed to reduce the total head losses as 

herein described by the instant invention. Without significantly 
reducing the pressure head losses associated with the mechanical 
elements' as recited above, a significant drop in the volume flow 
rate occurs within most flow devices. This directly affects the 

15 mixing of multiple fluids within the primary fluid channel or 
stream of typical fluid flow devices. 

For example, U.S. Pat. No. 2,361,150 issued Petroe discloses 
a method and apparatus for admitting chlorine to a stream of pulp 
stock via a plurality of injectors or nozzles during the effluent 

2 0 stage. The mechanical injectors are peripherally disposed within 
the flow stream or path having a direct contribution to the total 
head loss unlike the differential injector as herein described. 

U.S. Pat. No. 2,424,654 issued to Gamble discloses a fluid 
mixing device which also suffers from head losses as recited 

25 above. A venturi flow device having an adjustable throat section 
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includes baffles disposed directly in the flow path or throat 
(i.e. in-line injectors) of the device which contributes to the 
total head loss as similarly taught by the patent of Gamble. 
Other varieties of in-line injectors are those taught by King 
5 (U.S. Pat. No. 3,257,180), Van Horn (U.S. Pat. No. 3,507,626), 
Baranowski, Jr. (U.S. Pat. No. 3, 768, 962) and Longley et al . 
(U.S. Pat. No. 4;333,833) . 

U.S. Patents issued to Secor (U.S. Pat. No. 3 98,456) and 
Mazzei (U.S. Pat. No. 4,123,800) disclose a venturi flow device 

10 comprising a mixer injector disposed at the throat section of the 
device. The patent of Mazzei in particular comprises a plurality 
of port means which are angularly spaced- apart around the throat 
section and interconnect an annular chamber disposed within- an 
inside wall of the throat portion. This particular design is 

15 similar to that of the instant invention in that, it attempts to 
minimize a pressure drop within the channel. The injector of 
Mazzei, however, fails to reduce losses at the throat section 
unlike that of the instant invention as herein described. 
U.S. Pat. No. 5,693,226 issued to Kool discloses an 

20 apparatus for demonstrating a residential point of use water 
treatment system wherein an injection port or suction branch 
.injects a contaminate material in a direction perpendicular to 
the flow stream via hoses adapted thereto. The differential 
injector according to the instant invention is different in that 

25 the injections are made in a direction parallel to the flow 



-3- 



stream which significantly reduces head losses attributed to the 

I f. 

different al injector as herein described. 

U.S. and Foreign Patents by Monroe (U.S. Pat. No. 4, 765, 373) , 
Luft et al. (AU 203339), Gretton-Lowe (GB 802,691), Hollins (GB 
5 870,525) and Evans (GB 132074) disclose flow devices generally 
relevant to that of the instant invention. 

The difference between the instant invention and the related 
art is that the differential injector according to the instant 
invention provides mixing and/or aeration without the additional 
10 need of mechanical injectors which increase the pressure head 

losses in the primary flow stream. Mixing or aeration occurs by 
injection in the general flow direction of a main flow stream * 
with very low losses compared to conventional flow devices. 

In this regard, none of the above inventions and patents, 
15 taken either singularly or in combination, is seen to describe 
the instant invention as claimed. Thus a differential injector 
solving the aforementioned problems is desired. 

SUMMARY OF THE INVENTION 

20 The injector according to the instant invention is a fluid 

mixing and/or aerating device having a primary fluid inlet. Some 
embodiments also include a constricting primary fluid inlet and 
an elongated throat section to increase the velocity of the 
primary fluid flow. A secondary fluid is pulled into the forward 

25 portion of a discharge outlet, through at least one channel which 
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is recessed in the wall of the device, by suction action produced 
by the primary fluid as it passes out of the inlet section to an 
enlarged-size, pressure releasing, discharge section. One or a 
plurality of ports feeds the secondary fluid into the at least 
5 one recessed channel. The secondary fluid ports are connected to 
a secondary fluid injection port or are open to the atmosphere. 
After the discharge section, the mixed fluids can be passed 
• through an elongated conduit section to cause the secondary fluid 
to become more dissolved in the primary fluid, up to its 
10 saturation state. 

Accordingly, it is a principal object of the invention to 
provide a differential injector for reducing total head loss in a 
flow device by injection. 

It is another object of the invention to provide a 
15 differential injector which mixes fluids and/or aerates fluids 
with a minimum number of attached mechanical elements. 

It is yet another object of the invention to provide 
apparatus for mixing primary and secondary fluids such that the 
secondary fluid is dissolved in the primary fluid up to its 
20 saturation state. 

It is a further object of the invention to provide a 
differential injector which is easily assembled and disassembled 
for inspection, cleaning or repair. 

It is still another object of the invention to provide 
25. improved elements and arrangements thereof for the purposes 
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described which is inexpensive, dependable and fully effective in 
accomplishing its intended purposes. 

These and other objects of the present invention will become 
readily apparent upon further review of the following 
specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a prior art, conventional 

venturi flow device. 

FIG. 2 is a cross -sectional perspective view of the prior 
art, conventional venturi flow device in FIG. 1. 

FIG. 3. is an exploded perspective view of the differential 
injector according to the present invention. 

FIG. 4 is an exploded cross-sectional view of the 
differential injector according to. FIG. 3, illustrating a 
plurality of injection channels, for injecting fluid within the 
flow device for mixing. 

FIG. 5 is a cross-sectional view of the differential 
injector of the invention according to an alternate embodiment, 
illustrating a plurality of channels coupled by a annular cavity 
for injecting fluid within the flow device for mixing. 

FIG. 6 is an exploded perspective view of another embodiment 
of a differential injector according to the present invention. 

FIG. 6A is a partial exploded view of a modification of the 
embodiment of FIG. 6. ' 



li ■ 

FIG. 7 is an exploded cross-sectional view of a differential 

< I. 

injector of FIG. 6. 

FIG. 8 is an exploded cross -sectional view of the embodiment 
of FIGS. 6 and 7, in its assembled state. 
5 FIG. 8A is a partial exploded cross-sectional view of the 

embodiment of FIGS. 6-8., but with a modified discharge section. 

FIGS. 9A-9F are schematic views of the different 
arrangements of devices according to the present invention. 

FIG. 10 is a partial exploded cross-sectional view of a 
10. vacuum pump using the differential injectors of the present 
invention. 

FIG. 11 is an exploded cross-sectional view of still another 
embodiment of a differential injector according to the present 
invention. 

15 FIG. 12 is a partial cross-sectional view of still another 

embodiment of a differential injector according to the present 
invention. 

FIGS. 12A and 12B are partial exploded views with respect to 
modifications of the embodiment of FIG. 12. 
20 FIG. 13 is a cross-sectional view of still another 

embodiment of a differential injector according to the present 
invention. 

FIG. 14 is a cross-sectional view of still another 
embodiment of a differential injector according to the present 
25 invention, with a back pressure regulating device. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

< I. 

The present invention is directed to a differential injector 
which produces mixing and/or aeration in . a flow device with 
virtually zero or very low losses by injection. Two embodiments 
5 of the present invention are depicted in FIGS. 3-5 and are 
generally referenced by numeral 20. 

One object of the instant invention is to produce fluid 
injections of one or more fluid elements within a venturi-type 
flow device having virtually zero losses via the method of 

10 injection. The differential injector according to. the instant 
invention is applicable to various applications such as an 
aeration device for water and waste treatment plants, waste 
treatment systems, pools, jacuzzies, a mixing device for paints, 
chemicals or injectors for dyes and chemicals, etc., agitation 

15 device for water treatment plants and oil separation plants, etc. 

Conventional flow devices provide mixing via a flow device 
as diagrammatically illustrated in FIGS. 1 and 2. As seen in 
these figures, a venturi driven flow device 1 has a fluid 
injection means 2 disposed at the throat 3 of the ventjiri 1. A 

20- fluid flow entrance (influent) 4 and exit (effluent) 5 provide 

the primary flow path F for the device 1. A secondary fluid flow 
path 6 is provided by the injector 2. The secondary fluid flow 6 
is injected directly into the primary flow stream in a direction 
perpendicular thereto. This type of injection introduces a 

25 pressure differential (or associated loss) within the flow stream 
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which decreases the degree of uniform mixing between the primary 
and secondary fluid in the conventional flow device. 

As best seen in FIGS. 3 and 4, the differential injector 20 
according to one preferred embodiment comprises a substantially 
5 cylindrical fluid flow body 22 having a venturi 24 disposed 

therein. The venturi 24 is disposed and aligned concentric with 
the body 22 for providing primary fluid flow P through the 
venturi 24. The venturi 24 has an inlet port 26 or the influent 
portion of the primary flow and an outlet port 28 in the 

10 discharge section. The inlet port converges at a throat 

section 27 of the venturi 24 and diverges at the outlet port 28 
or effluent portion of the primary flow. A primary fluid such as 
water enters the differential injector 20 for mixing or aeration. 
Depending upon the area of application, a secondary fluid 

15 comprising various chemicals or fluids (including a gas or gases, 
such as, for example, air) as recited above are adapted to the 
injector 20 for mixing without . injection directly within the 
throat 27 of the venturi 24. It would be obvious to the skilled 
artisan to provide the appropriate adaptor for injecting fluids 

20 as a matter of intended use. 

Accordingly, a secondary fluid or injector port 3 0 is 
provided for supplying a plurality of fluids for mixing with the 
primary fluid P or for aeration of the primary fluid P. The 
injector port 30, as diagrammatically illustrated in FIG. 3, is 

25 disposed within a first wall portion 40 of the substantially 
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cylindrical fluid flow body 22. A cross-sectional view of 
FIG. 3, as shown in FIG. 4, further illustrates the arrangement 
of a plurality of channels 32 disposed within a second wall 
portion .42 of the body 22 for delivering, a secondary fluid 
5 downstream from the throat 27, of the venturi 24, to the effluent 
portion of the primary fluid -flow P. The channels 32 as shown in 
FIG. 4 are disposed within the body 22 in parallel arrangement 
with resp.ect to the venturi 24 and are generally axially aligned 
(that is, the channels are not helically twisted) . This 

10 arrangement is significant in that the secondary fluid is 
injected with substantially zero resistance .(or very low 
resistance) with respect to the primary flow direction. This 
point' of injection translates into reduced head loss within the 
differential injector 20. The channels 32 need not be parallel 

15 to the venturi. Other orientations are possible and are 

contemplated. See, for example, the embodiments of FIGS. 6-8. 

According to an alternate embodiment as diagrammatically 
illustrated in FIG. 5, the differential injector 20 is shown as a 
single unit further comprising an annular cavity 34 in fluid 

20 communication with the secondary fluid inj ector port 30 and a 
• plurality of channels 32 peripherally arranged and concentric 
with the venturi 24, for improving the secondary to primary fluid 
mixing ratio by volume. The channels 32 may or may not be 
parallel to the venturi 24. 

25 Some advantages of the differential injector 20 according to 

the embodiments of FIGS. 3-5 are that it is made of a composite 
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plastic material which is easily machined or otherwise fabricated 
to the desired dimensions. Also, the two-part injector 20 of 
FIGS. 3 and 4, made of this material, can be easily removed and 
disassembled, as illustrated in FIGS. 3 and 4, for inspection 
5 and/or replacement and/or repair while in actual use. Other 
machinable materials could also be used, such as aluminum, 
stainless steel, etc. The materials used for all of the devices 
of the present invention should preferably be compatible with the 
fluids passing through the device, and should be easily 

10 machinable for ease of production. 

Other non-obvious advantages of the differential injector 20 
of FIGS. 3-5 are achieved through the design by reducing the 
inlet diameter rate by about 1/2 in the inlet section 24 and 
holding that reduced diameter in the throat section 27 for a 

15 distance in length equal to about 2.5 times the diameter of the 
throat section 27. At the exit of the throat. section 27, the 
diameter is expanded in the discharge section (near the outlet 
port 28), for example to the inlet diameter, within a length 
equal to about 1/2 the length of the inlet or influent section, 

20 ■ thus causing a build-up of pressure during travel of the influent 
through the inlet section 24, with an instant release in the end 
of the throat section 27. Torroidal vortexes and turbulence are 
created in the expanding flow, reduced pressure primary fluid, 
which adds to the suction effect and promotes mixing. The 

25 secondary fluid grooves or channels 3 2 are connected to an 
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injection port through an injection annulus that has a volume 
capacity equal to several times the cumulative capacity that the 
channels 32 can carry. 

FIGS. 6-7 show another embodiment of the invention which is 
5 similar to the embodiment of FIGS. 3 and 4, but wherein the 

secondary fluid channels 132 are open to the atmosphere on their 
inlet side (i.e., at the outside of the device) and are not 
parallel to the direction of primary fluid flow (direction of 
arrow A in FIG. 7) . FIG. 8 shows the embodiment of FIGS. 6 and 7 

10 in assembled form, and connected to an output conduit 140 which 
will be described later. 

The embodiment of FIGS. 6-8 includes a converging primary 
entry section 124 which is similar to entry section 24 in FIGS. 3 
and 4. A throat section 127 is provided similar to that of 

15 FIGS. 3 and 4, and a diverging exit or discharge section 128 is 
provided similar to that of FIGS. 3 and 4. As mentioned above, 
the secondary fluid channels 132 in FIGS. 6 and 7 are not 
parallel to the primary fluid flow, but are angulated slightly 
(i.e., by about 20 degrees) with respect thereto. It has been 

20 found that angles of up to about 30 degrees relative to the 
■ direction of primary fluid flow are satisfactory and provide 
desired results . Secondary fluid channels arranged at an angle 
of up to about 30 degrees are considered to be substantially in 
the same direction as the direction of primary fluid flow. A§ 
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shown in FIGS. 1, 8 and 8A, the secondary fluid channels 132 
terminate at outlet ports 134 which are annularly disposed. The 
first (inner) and second (outer) secondary fluid channels have an 
interior surface segment 136 of the interior surface of the flow 
channel disposed therebetween. The interior surface segment 
includes at least one surface irregularity (for example a step) 
to increase turbulence and the production of torroidal vortices 
'to improve mixing of, and the resulting actions upon, the primary 
fluid and secondary fluid similar to that described below in 
connection with grooves 129 shown in FIG. 8A. FIG. 5 shows 
structure similar to that discussed above in connection with 
FIGS. 8 and 8A. 
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The number of secondary fluid channels 132 is shown by way 
of example. Fewer or more channels may be provided, and the 
channels 132 may be provided in one or more annular rings (two 
annular rings of channels 132 are shown in FIGS. 6-8) . As shown 
in FIG. 6A, the channels 132 can be replaced by elongated or oval 
channels 152, which are distributed around the periphery of the 
diverging discharge section 128 of the device. The channels 152 
of FIG. 6A can be increased or reduced in number, depending upon 
the application. 

As shown in FIG. 8, the diverging discharge section 128 can 
be connected to a conduit 140 which is of predetermined length, 
depending upon the types of fluids, pressures, velocity, etc., to 
provide further combining of the primary and secondary fluids 
into one another, as the fluids pass through elongated conduit 
140. Due to the back pressure provided at the utilization 
apparatus (not shown) at the remote end of conduit 140, the 
combined fluid flowing through conduit 140 is under pressure and 
therefore, as it passes through the conduit 14 0, the secondary 
and primary fluids become more and more dissolved in one another 
until a desired point, such as the saturation point, is reached. 
After a maximum saturation point of the fluids is reached, the 
fluids will cease dissolving into one another, and the excess 
will remain as bubbles or particles, etc., and will be carried 
along within the fluid. 
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The internal diameter of conduit 140 can be sized to 
influence the amount of back pressure developed. For example, 
enlarging the diameter of conduit 140 will decrease the back 
pressure developed in the conduit 140, and vice versa. It is, in 
5 some cases, an advantage to add or reduce an amount of back 

pressure in conduit 140 in order to regulate the dynamics of the 
fluid flows through the device. The amount of back pressure 
introduced to. the flow will influence the turbulence, velocity, 
torroidal vortices, dissolving capabilities, bubble size, etc., 
10 as well as the volumes of each of the fluids flowing through the • 
device. Back pressure can be adjusted using' the back pressure 
adjustment device of FIGS. 14 and 14A, which is described 
hereinafter. 

Referring to FIGS. 6-8, it is preferable that the diameter 
15 of the input conduit 141 be substantially the same as the 

diameter of the elongated output conduit 140. However, depending 
upon the specific application, the respective diameters may be 
different. The output conduit 140 can be used with any of the 
embodiments of the invention, as should be apparent . 
20 FIG. 8A shows a modification where grooves 129 are formed on 

the inside wall of discharge section 128 to increase turbulence 
and the production to torroidal vortices, which may improve the 
mixing effect. 
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FIGS. 9A-9F show embodiments similar to that of FIGS. 6-8, 
but wherein the device is formed in different combinations of 
component elements. 

FIG. 9A shows a one-piece structure rather than a two-piece 
structure as shown in FIGS. 6-8. The embodiment of FIG. 9A can 
be machined from a composite plastic material (the materials used 
in the embodiments earlier described) from a single member. 
Alternatively, the main device can be molded and the channels 132 
can be machined, for example by drilling. Other fabrication 
techniques could be used. The same reference numerals are used 
throughout FIGS. 9A-9F to designate the same or similar elements. 
The parts shown in FIGS. 9A-9F may be made of a composite plastic 
material or any other suitable plastic or metal material. 

FIG. 9B illustrates the embodiment of FIGS. 6-8, but without 
a converging inlet section 124. The embodiment of FIG. 9B is 
useful when the incoming primary fluid flow is of sufficient 
velocity and pressure that the converging portion 124 is not 
necessary to increase the pressure further. The embodiment of 
FIG. 9B, as well as all of the other disclosed embodiments of the 
invention, can be used with an output conduit 140 as shown in 
FIG. 8, as desired. In the device of FIG. 9B, the throat section 
and the discharge section 128 are made as one piece. 

FIG. 9C shows a two-piece structure wherein the throat 
section 127 and the discharge section 128 are fabricated from a 
single piece, and the primary entry section 124 is fabricated 
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from a second piece. The pieces are assembled by inserting the 
end of the throat section 127 into the bore 127' in the input 
section 124. The two sections can be press-fit together in a 
liquid-tight manner, or may be adhered together using adhesives. 
5 The embodiment of FIG. 9D is similar to that of FIG. 9B, but 

is a two-piece structure rather than a one-piece structure as 
shown in FIG. 9B. In FIG. 9D, the throat section is assembled 
onto a boss 128' of the discharge section which is inserted into 
opening 12 7' at the end of the throat section. As with the 

10 embodiment of FIG,. 9C, the parts can be press -fit together in a 
fluid-tight manner, or may be adhered, for example by adhesives. 

FIG. 9E shows a similar embodiment, but wherein the device 
is a three-piece structure. The throat section 127 is connected 
to the discharge section 128 and to the entry section 124, in the 

15 manner described above. 

FIG. 9F shows an embodiment similar to that of FIG. 9E, but 
further including an elongated conduit 140 at the discharge, end 
thereof . 

An advantage of the multi-part embodiments of FIGS. 9C-9F is 
20 that the specific device for a specific embodiment can be 
assembled from standardized parts, thereby facilitating 
fabrication and facilitating experimentation to arrive at the 
optimum sized device. Different parts having different diameters 
and different throat lengths, for example, can be kept in stock 
25 for assembly, as -desired. 
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The elongated conduit 140 at the discharge end of the 
device, as shown in FIG. 9F, is provided to maintain pressure 
over a predetermined distance after the discharge section 128, to 
promote further dissolving of the fluids in one another as the 
5 fluids pass through the elongated conduit 140. As mentioned 

above, it should be clear that the elongated conduit 140 can be 
used with any of the embodiments of the invention previously 
described or to be described hereinafter. " 

FIG. 10 shows the embodiment of PIGS. 6 and 7 used as a 

10 vacuum pump. The input velocity of the primary fluid B flowing 
through entry section 124 is sufficient to draw air or other 
secondary fluid through the channels 132 so as to create a 
suction effect in the chamber 160 which surrounds a central 
portion of the mixing device. The chamber 160 is formed by 

15 mounting a housing 161, such as a "T", around the device, as 

shown in FIG. 10. A reduced pressure is created in chamber 160 
and results in the device operating as a vacuum pump. The degree 
of vacuum or reduced pressure is a function of the physical 
design characteristics of the device, as should be apparent to 

20 those of ordinary skill in the art. The housing has a pipe-like 
fitting 162 which is coupled to an output utilization device 165 
to utilize the produced vacuum or reduced pressure in chamber 
160. A second fitting 163 may be coupled to a second utilization 
device 166 to use the vacuum reduced pressure. Liquid from a 

25 fluid reservoir 170 is pumped by a pump 171 through a conduit (B) 
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to the injector device, and the output fluid C is returned to the 
fluid reservoir for re-use. An air vent 172 is provided on the 
fluid reservoir 170. 

FIG. 11 shows a differential injector having a venturi 124 
5 for receiving primary fluid flow in the direction of arrow A. 
The venturi 124 has a throat section 127 and an outwardly 
diverging bell-shaped exit section 129. Secondary fluid is 
injected into the inlet ports 132 which may be provided in any 
desired number around the periphery of the differential 

10 injector 120. In the illustrated embodiment, the differential 

injector is generally round in shape (or of other hollow tubular 
shape) and four secondary fluid flow injector ports 132 are 
shown. The opposite half of the device, not seen in the 
drawings, would include a similar number of secondary fluid flow 

15 injection ports. 

The secondary fluid flow injection ports 132 penetrate 
through the wall section of the diverging section 129 of the 
venturi 124 and discharge secondary fluid into areas of the 
primary fluid flow in which torroidal vortex centers appear. The 

20 vortexes. are shown by way of example by arrows 150 in FIG. 6. 
The vortexes are generated in the vicinity and forward 
(downstream) of the diverging wall of the diverging section 129, 
and the main portions thereof appear generally between the 
diverging wall and the dashed line 151 shown in FIG. 11. A 

25 similar phenomenon takes place around the periphery of the round 
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diverging portion 129 of the device of FIG. 11, adjacent the 
secondary fluid flow injector ports 132. 

The differential injector 120 shown in Fig. 11 is connected 
via an outlet conduit 154 to an outlet utilization device. A 
conduit such as conduit 140 may be used. 

The device of FIG. 11, as well as the previously illustrated 
devices, operate with fluids as the main or primary flow, and 
also as the secondary fluid flow, to provide mixing and/or 
aeration of the fluids flowing through the device. The fluids 
may be liquid or gaseous. The ports 132 are directed at an angle 
relative to flow A of no more than about 30 degrees., and 
preferably less than about 20 degrees so that the secondary fluid 
flow is generally in the same direction as the primary fluid 
flow. 

FIG. 12 illustrates another venturi-like device having, a 
tubular opening 224 for receiving a primary fluid flow in the 
converging section 223, which primary fluid flow is then 
accelerated in the throat section 227. Secondary flow ports. 234 
are provided in a wall 226 of the outlet or discharge section 229 
of the differential injector 220. The secondary fluid flow inlet 
ports 234 are connected to a source of secondary fluid by means 
of conduits 225, as shown, or they can .be connected to a manifold 
surrounding throat section 227, in a manner similar to annular 
opening 34 in FIG. 5. Preferably, the forward end portions of, 
the injection ports 234 extend into the interior of the throat 
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section 229, as shown in greater detail in FIG. 12A. In 
FIG. 12A, only one . such injection port 234 is shown. Others will 
extend through the openings shown in FIG. 12A. The ports 234 
permit independent control of flow access by providing plugs, 
5 valves, flow regulators, pressure regulators, orifices or any 

other fluid flow control member in series with the ports 234, to 
control the secondary fluid flow therethrough. . 

FIG. 12B is similar to FIG. 12A and shows the ports 244 
being of an oblong, oval or elliptical shape through plate 226'. 

10 The number of ports 244 can vary, depending upon application. It 
is considered that 4 to 8 such ports 244 are desirable. However, 
for ease of illustration, only one such port 244 is shown. 

FIG. 13 illustrates still another embodiment of the ^ 
invention having a converging inlet section 323 which converges 

15 to an elongated throat section 3 27, and through which a primary 
fluid flows in the direction of arrow A. A housing 301 is 
provided around at least a portion of the throat section 327 of 
the device. The housing 301 has an inlet port 3 05 through which 
secondary fluid enters in the direction of arrow D. 'in this 

20 embodiment, no individual secondary ports are provided for the 
secondary fluid. The secondary fluid flows in the direction of 
arrow D and th^n. in the direction of arrow E and then enters into 
the main fluid flow in the vicinity of area discharge 3 04. When 
the primary fluid exits the throat section 327 in the vicinity of 

25 area 3 04, turbulence is created and a suction effect is created 



-20- 



to suck the secondary fluid flowing in the direction of arrow E 
into the primary fluid flow. An important feature of the 
embodiment of FIG.. 13 is that by varying the location of where 
the primary fluid is introduced into the area 304, the dynamics 
5 of the fluid flows can be changed. 

As seen in FIG. 13, the device of FIG. 13 is circular and 
only half of the circular configuration is shown in cross - 
section. Hollow shapes other than circular can be used. The 
embodiment of FIG. 13 provides substantially concentric annular 

10 secondary fluid flow through the annular secondary flow inlet. 
FIG. 14 . illustrates still another embodiment of the 
invention wherein primary fluid flows in the direction of arrow A 
into the entrance of a venturi-type opening section 424, and then 
through a throat section 427, and then out through a diverging 

15 discharge section 429. Secondary fluid enters through the 

channels 432. In the illustrated embodiment, the secondary fluid 
is air. However, secondary fluid conduits can be provided 
similar to conduits 234, 225 in FIG. 12, to feed any desired 
fluid as secondary fluid into channels 432. The secondary fluid 

20 entering though ports or openings. 432 enters into a turbulent 
portion of the diverging primary flow in the vicinity of 
discharge section wall 429, and the turbulence creates mixing and 
aeration of the primary fluid flowing through the device. The 
resultant combined fluid flow passes through conduit 4 01 (which 

25 may be any desired length) to a baffle section 4 02 which is 
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provided to create a back pressure to vary the mixing conditions. 
The back pressure providing device in the baffle section 
comprises an elongated screw member 4 03 which is threadably 
mounted in a fixed member 404. The fixed member 404 is shown in 
5 greater detail in FIG. 14A which is a cross-section along line 

14A-14A in FIG. 14, . The fixed support member 404 is designed to • 
minimize obstructing the flow through conduit 407. A cone-shaped 
baffle member 405 is provided at the forward end of the screw 403 
so as to cooperate with the inclined walls 406 of the baffle 

10 section to provide baffling or back pressure against fluid flow. 
As the baffle member 405 is moved toward the right in FIG. 14, 
the space between the baffle member 4 05 and the inclined wall 4 06 
reduces, thereby increasing the back pressure. The opposite 
effect occurs when the baffle member 405 is moved to the left in 

15 FIG. 14. The change in back pressure changes the operating 

conditions of the device and in some cases can convert the device 
from being thought of as a mixer to an aerator, or vice versa. 
The fluid exits via conduit 407. The control of back pressure 
also enables control of dissolving of the primary and secondary 

20 fluids in one another as they flow under pressure in conduit 401. 

In all of the embodiments of the present invention, primary 
fluid flow, such as water flow, may, for example, be at a rate of 
about 1,000 to about 2,000 feet per minute, and the secondary 
fluid flow, such as air flow, can be provided without any applied 

25 pressure. Merely ambient pressure and the suction effect. as the 
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primary fluid flow creates suction at the outlet or discharge 
area after the throat section, is sufficient to provide the 
mixing and/or aeration and/or dissolving effects. Increasing the 
pressure of the secondary fluid flow can, in some cases, increase 
5 efficiency. For all of the devices • shown and/or described 

herein, the elongated exit conduit, such as conduits 140, 401, 
4 07 can be used and can be as long as desired to produce desired 
saturation (dissolving) of fluids. Lengths such as 1 foot to 100 
feet could be used, or from 1 to 20 feet or 1 to 3 0 feet may be 

10 preferable, in some instances. 

Conduit 4 07 in FIG. 14 can be of a diameter significantly 
larger than conduit 401, which would allow for a decrease of back 
pres.sure, and utilizing the adjustable baffle member 405, in this 
case, would allow for fine tuning of pressures in the system. In 

15 some applications, conduit 407 may be very short. 

A back pressure controlling device such as that shown in 
FIGS. 14 and 14A, or a back pressure controlling device such as a 
.baffle, valve, orifice or any other type of restriction device, 
or a properly dimensioned conduit, can be provided for any of the 

20 embodiments shown and/or described herein to control hack 
pressure in the respective systems. 

It is to be understood that the present invention is not 
limited to the embodiments described above, but encompasses any 
and all embodiments within the scope of the following claims. 
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